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POWER SUPPLY DEVICES AND CONTROL
METHOD THEREOFK

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Tatwan application
Serial No. 100129694, filed on Aug. 19, 2011, the subject
matter ol which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a power supply device, and more
particularly to a power supply device which monitors power
of a coin battery of a main system and provides backup power
to maintain data 1n a CMOS storage area on a system chip
when the power of the coin battery 1s msuilicient and the coin
battery 1s taken out to be replaced by a new one.

2. Description of the Related Art

Generally, a coin battery 1s disposed on a main board of a
computer apparatus. When the computer apparatus 1s pow-
ered off (at this time, no stand-by power and no normal power
1s provided to the computer apparatus), the coin battery pro-
vides power to maintain data in a CMOS storage area on a
system chip. Thus, when the computer apparatus 1s powered
off and the coin battery provides no power, the data in the
CMOS storage area on the system chip 1s lost because there 1s
no power to maintain the data. When the computer apparatus
1s powered on at the next time, a user has to re-adjust the time
of the main board and re-load a BIOS optimal setting to the
computer apparatus. Current techniques provide a monitor-
ing circuit to monitor power of the coin battery. Before the
power of the coin battery 1s consumed completely, the moni-
toring circuit reminds the user to replace the coin battery with
a new coin battery. However, 1n the process of the replace-
ment of the coin battery, the data 1s lost because there 1s no
power to maintain the data.

Thus, 1t 1s desired to provide a power supply device which
1s capable of monitoring power of a coin battery and provid-
ing backup power to maintain data in a CMOS storage area on
a system chip when the coin battery 1s replaced by a new coin
battery.

BRIEF SUMMARY OF THE INVENTION

An exemplary embodiment of a power supply device 1s
provided. The power supply device provides a maintenance
voltage at an output terminal to a system chip of asystem. The
power supply device comprises a {irst battery, a capacitor, a
charging circuit, and a monitoring circuit. The first battery
provides a battery voltage. The capacitor stores a capacitor
voltage. The charging circuit 1s coupled to the capacitor. The
monitoring circuit detects the battery voltage and the capaci-
tor voltage. The monitoring circuit detects whether the bat-
tery voltage 1s less than a first threshold and whether the
capacitor voltage 1s larger than a second threshold and gen-
erates a control signal according to the determination result.
When the monitoring circuit detects that the battery voltage 1s
less than the first threshold and the capacitor voltage 1s not
larger than the second threshold, the monitoring circuit
asserts the control signal to control the charging circuit to
charge the capacitor.

In an embodiment, after the charging circuit charges the
capacitor and the capacitor voltage becomes larger than the
second threshold, during a time when the first battery 1s
replaced with a second battery at an inaction state of the
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system, the capacitor voltage which 1s larger than the second
threshold serves as the maintenance voltage.

In another embodiment, when the monitoring circuit
detects that the battery voltage 1s less than the first threshold
and the capacitor voltage 1s larger than the second threshold,
the monitoring circuit de-asserts the control signal to control
the charging circuit not to charge the capacitor. In this case,
during the time when the first battery i1s replaced with a
second battery at an 1naction state of the system, the capacitor
voltage stored 1n the capacitor serves as the maintenance
voltage.

In further another embodiment, when the monitoring cir-
cuit detects that the battery voltage 1s not less than the first
threshold, the monitoring circuit de-asserts the control signal
to control the charging circuit not to charge the capacitor. In
this case, the battery voltage of the battery serves as the
maintenance voltage at an 1naction state of the system.

An exemplary embodiment of a control method 1s pro-
vided. The power supply device provides a maintenance volt-
age to a system chip of a system and comprises a first battery
and a capacitor. First, when the system 1s at an operation state,
it 1s determined whether a battery voltage of the battery 1s less
than a first threshold. When the battery voltage 1s less than the
first threshold, 1t 1s determined whether a capacitor voltage of
the capacitor 1s larger than a second threshold. When the
capacitor voltage 1s not larger than the second threshold, the
capacitor 1s charged, so that the capacitor voltage becomes
larger than the second threshold. When the capacitor voltage
1s larger than the second threshold, the system 1s switched to
be at an 1naction state. At the inaction state, the capacitor
voltage which 1s larger than the second threshold 1s provided
to serve as the maintenance voltage, and the first battery 1s
replaced with a second battery.

In an embodiment, when the battery voltage 1s not less than
the first threshold, the system 1s switched to be at the 1naction
state, and the battery voltage 1s provided to serve as the
maintenance voltage.

A detailed description 1s given 1n the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The mnvention can be more fully understood by reading the
subsequent detailled description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 shows an exemplary embodiment of a computer
system:

FIG. 2 shows an exemplary embodiment of a monitoring,
circuit in the computer system of FIG. 1;

FIG. 3 shows an exemplary embodiment of a charging
circuit in the computer system of FIG. 1; and

FIG. 4 1s a flow chart of a control method for a power
supply device.

DETAILED DESCRIPTION OF THE INVENTION

The following description 1s of the best-contemplated
mode of carrying out the invention. This description 1s made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the ivention 1s best determined by reference to the
appended claims.

Computer systems are provided. In an exemplary embodi-
ment of a computer system 1n FIG. 1, a computer system 1
comprises a power supply device 10 and a system chip 11.
The system chip 11 comprises a CMOS storage area 110. The
CMOS storage area 110 1s used to store system parameters of
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the computer system 1, such as the time of a main board and
a BIOS optimal setting. The power supply device 10 provides
a maintenance voltage VBAT at an output terminal OUT to
the system chip 11.

Referring to FIG. 1, the power supply device 10 comprises
three power paths. The first power path P1 1s composed of a
system stand-by voltage source 100A and a schottky diode
100B. The second power path P2 1s composed of a charging
circuit 101A, a capacitor 101B, a current limiting circuit
101C, and a schottky diode 101D. The third power path P3 1s
composed a battery 102A, a current limiting circuit 102B, and
a schottky diode 102C. All of the three power paths are

coupled to the output terminal OUT collectively. Moreover,
the power supply device 10 further comprises a monitoring,
circuit 103 which 1s coupled to the capacitor 101B and the
battery 102A. The momitoring circuit 103 detects a capacitor
voltage stored in the capacitor 101B and a battery voltage
provided by the battery 102A. In the embodiment, when
normal power (that 1s an AC voltage from power socket) 1s
provided to the computer system 1, the computer system 1 1s
at an operation state, and the system stand-by voltage source
100A provides a system stand-by voltage V100A of about
3.3V. The maximum value of the capacitor voltage V101B
stored 1n the capacitor 101B and the maximum value of the
battery voltage V102A stored by the battery 102A must be
larger than the system stand-by voltage V100A. In the
embodiment, the maximum value of each of the capacitor
voltage V101B and the battery voltage V102A 1s set at about
3V.

The structures of the power paths P1~P3 will be described
in the following. In the power path P1, the schottky diode
100B 1s coupled between the system stand-by voltage source
100A and the output terminal OUT. In the power path P2, the
charging circuit 101A 1s coupled to one terminal of the
capacﬂor 101B, and the other terminal of the capacitor 101B
1s coupled to the output terminal OUT through the current
limiting circuit 101C and the schottky diode 101D. In the
embodiment, the capacitor 101B 1s implemented by a super
capacitor. In other embodiments, a capacitor which has char-
acteristics of rapid discharging and charge storing can be
implemented to serve as the capacitor 101B. In the power path
P3, the battery 102A 1s coupled to the output terminal OUT
through the current limiting circuit 102B and the schottky
diode 102C. In the embodiment, the battery 102A 1s imple-
mented by a coin battery. According to the above description,
the power paths P1~P3 are coupled to the output terminal
OUT. Thus, the amount of the maintenance voltage VBAT 1s
determined by one of the power paths P1~P3. The detailed
description of the power supply device 10 1s 1n the following.

When the computer system 1 1s at the operation state (that
1s a state at which the normal power 1s provided to the com-
puter system 1), the system stand-by voltage source 100A
provides the system stand-up voltage V100A. As described
above, the voltage V100A of about 3.3V provided by the
system stand-by voltage source 100A 1s larger than the
capacitor voltage V101B stored in the capacitor 101B and the
battery voltage V102A stored in the battery 102A. Thus,
according to the characteristic of schottky diodes, the schot-
tky diode of the power path P1 1s turned on, while the schottky
diodes 101D and 102C of the power paths P2 and P3 are
turned oif. Atthis time, the system stand-by voltage V100 A 1s
transmitted to the output terminal OUT through the turned on
schottky diode 100B to serve as the maintenance voltage
VBAT. In other words, when the computer system 1 1s at the
operation state, the maintenance voltage VBAT 1s determined
by the power path P1.
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When the computer system 1 1s at the operation state, the
monitoring circuit 103 detects the capacitor voltage V101B of
the capacitor 101B and the battery voltage V102A of the
battery 102A to generate a control signal S103. The monitor-
ing circuit 103 imtially de-asserts the control signal S103
(that 1s the control signal S103 1s mitially at a de-asserted
state). In an embodiment, before the computer system 1 1s
switched to be at an 1naction state (that 1s a state 1n which the
normal power 1s not provided to the computer system 1) from
the operation state, the monitoring circuit 103 detects the
capacitor voltage V101B and the battery voltage V102 A. The
recited 1naction state 1s a state at which the normal power 1s
not provided to the computer system 1. Thus, at the 1naction
state, the system stand-by voltage source 100A stops provid-
ing the system stand-up voltage V100A. In another embodi-
ment, at the operation state, the monitoring circuit 103 con-
tinuously detects the capacitor voltage V101B and the battery
voltage V102A. According to the operation of detecting the
capacitor voltage V101B and the battery voltage V102A by
the monitoring circuit 103, the monitoring circuit 103 can
determine whether the battery voltage V102A 1s less than a
first threshold value and whether the capacitor voltage V101B
1s larger than a second threshold value and assert or continu-
ously de-assert the control signal S103 according to the deter-
mination result. The first threshold value 1s determined
according to system requirements. In the embodiment, the
first threshold value 1s set to be not less the 2V.

When the monitoring circuit 103 determines that the bat-
tery voltage V102A 1s not less than the first threshold, 1t 1s
obtained that the voltage of the battery 102A 1s sullicient to
maintain the system parameters in the CMOS storage area. At
this time, regardless of whether the capacitor voltage V101B
1s larger than the second threshold value, the monitoring
circuit 103 continuously de-asserts the control signal S103
(that 1s the control signal S103 remains at the de-asserted
state) to control the charging circuit 101 A not to charge the
capacitor 101B. According to the above description, 1n the
case that the voltage of the battery 102A 1s sufficient to
maintain the system parameters in the CMOS storage area,
the charging circuit 101 A does not charge the capacitor 101B,
thereby preventing the lifespan of the capacitor 101 from
being shorten due to unnecessary charging and/or discharg-
ing. Moreover, since the charging circuit 101 A does not
charge the capacitor 101B, the capac1t0r 101B can be dis-
charged before the computer system 1 1s switched to be at the
inaction state. When the capacitor 101B 1s not discharged
completely and stores remaining charges, the circuit board of
the computer system 1 may be shorted due to fabrication and
transportation. Thus, 1n the embodiment, when the voltage of
the battery 102A 1s suificient to maintain the system param-
cters 1n the CMOS storage area, the monitoring circuit 103 1s
required to determine whether the capacitor 101B 1s dis-
charged completely.

In the embodiment, the de-asserted control signal S103 has
a high voltage level. After, when the computer system 1 1s
switched to be at the 1naction state from the operation state,
the system stand-by voltage source 100A stops providing the
system stand-up voltage V100A. According to the character-
1stic of schottky diodes, the schottky diodes 100B and 101D
of the power paths P1 and P2 are turned off, while the schottky
diode 102C of the power path P3 1s turned on. At this time, the
battery voltage V102A 1s transmitted to the output terminal
OUT through the current limiting circuit 102B and the
turned-on schottky diode 102C to serve as the maintenance
voltage VBAT. In other words, when the computer system 1 1s
at the maction state and the battery V102A provides a suili-
cient voltage, the maintenance voltage VBAT 1s determined
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by the power path P3. At this time, the CMOS storage area
110 recerves the sulficient maintenance voltage VBAT, so that
the stored system parameters can be maintained in the CMOS
storage area without being lost during the 1naction state.

When the monitoring circuit 103 determines that the bat-
tery voltage V102 A 1s less than the first threshold voltage, 1t 1s
obtained that the voltage of the battery 102A 1s about to run
out, and a new battery 1s required to replace the battery 102A.
At this time, the monitoring circuit 103 records this situation
and notifies the user that the battery 102A 1s required to be
replaced when the computer system 1 1s switched to be at the
inaction state at a next period. According to the embodiment,
the monitoring circuit 103 determines whether the capacitor
voltage V101B 1s larger than the second threshold before the
computer system 1 1s switched to be at the naction state, or
the monitoring circuit 103 continuously determines whether
the capacitor voltage V101B 1s larger than the second thresh-
old at the operation state. In an embodiment, when the moni-
toring circuit 103 determines that the capacitor voltage
V101B 1s larger than the second threshold, the monitoring
circuit 103 continuously de-asserts the control signal S103
(that 1s the control signal S103 1s continuously at the de-
asserted state) to control the charging circuit 101 A not to
charge the capacitor 101B. After, when the computer system
1 1s switched to be at the inaction state from the operation
state, since the normal power 1s not provided to the computer
system 1, the system stand-by voltage source 100A stops
providing the system stand-up voltage V100A. At the inaction
state, the user can take out the battery 102A and replace the
battery 102A with a new battery. Since the system stand-by
voltage source 100A stops providing the system stand-up
voltage V100A and the battery 102 1s taken out, according to
the characteristic of schottky diodes, the schottky diodes
100B and 102C of the power paths P1 and P3 are turned off,
while the schottky diode 101D of the power path P2 1s turned
on. During the time when the battery 102A 1s taken out to be
replaced with a new battery, the capacitor voltage V101B 1s
transmitted to the output terminal OUT through the current
limiting circuit 101C and the turned-on schottky diode 101D
serves as the maintenance voltage VBAT.

In another embodiment, when the monitoring circuit 103
determines that the battery voltage V102 A 1s less than the first
threshold and the capacitor voltage 1s not larger than the
second threshold at the same time, then, the monitoring cir-
cuit 103 asserts the control signal S103 (that 1s the control
signal S103 1s switched to be at the asserted state) to control
the charging circuit 101 A to charge the capacitor 101B. In the
embodiment, the asserted control signal has a low voltage
level. The charging circuit 101 A charges the capacitor 101B,
so that the capacitor voltage V101B becomes larger than the
second threshold. After the charging circuit 101 A finishes
charging the capacitor 101B, the monitoring circuit 103 de-
asserts the control signal S103 (that the control signal S103 1s
switched to be at the de-asserted state). After, when the com-
puter system 1 1s switched to be at the 1naction state from the
operation state, the system stand-by voltage source 100A
stops providing the system stand-up voltage V100A. At the
inaction state, the user can take out the battery 102A and
replace the battery 102 A with a new battery. Since the system
stand-by voltage source 100A stops providing the system
stand-up voltage V100A and the battery 102 1s taken out,
according to the characteristic of schottky diodes, the schot-
tky diodes 100B and 102C of the power paths P1 and P3 are
turned oif, while the schottky diode 101D of the power path
P2 1s turned on. During the time when the battery 102A 1s
taken out to be replaced with a new battery, the capacitor
voltage V101B of the charged capacitor 101B (the capacitor
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voltage V101B 1s larger than the second threshold) 1s trans-
mitted to the output terminal OUT through the current limait-
ing circuit 101C and the turned-on schottky diode 101D to
serve as the maintenance voltage VBAT.

According to the above description, during the time when
the battery 102 A 1s taken out to be replaced with a new battery
at the 1naction state of the computer system 1, the mainte-
nance voltage VBAT 1s determined by the power path P2. In
other words, when the battery 102A can not provide a suili-
cient voltage at the 1naction state of the computer system 1,
the power supply device 10 provides the capacitor voltage
V101B which 1s larger than the second threshold voltage to
serve as the maintenance voltage VBAT. At this time, the
CMOS storage area 110 recerves the sullicient maintenance
voltage VBAT, so that the stored system parameters can be
maintained 1n the CMOS storage areca without being lost
during the inaction state.

According to the above embodiment, when the computer
system 1 1s at the maction state, the power supply device 10
can provide a suificient voltage through the battery 102A of
the power pace P3 or the capacitor 101B of the power path P2
to serve as the maintenance voltage VBAT, so that the stored
system parameters can be maintained 1n the CMOS storage
area without being lost during the maction state. Particularly,
when the battery voltage V102A of the battery 102A 1s not
suificient to maintain the system parameters 1n the CMOS
storage area 110 and the battery 102A 1s required to be
replaced with a new battery, the power supply device 10 1s
switched to provide sulficient capacitor voltage V101B from
the capacitor 101B of the power path P2 to serve as the
maintenance voltage VBAT during the replacement of the
battery 102A. Thus, when the replacement of the battery
102 A 15 being performed, the system parameters stored 1n the
CMOS storage area 110 can be maintained. After the replace-
ment of the battery 102A 1s accomplished, according to the
characteristic of schottky diodes, the capacitor voltage
V101B, and the voltage of the new battery, the power supply
device 10 can continuously provide the capacitor voltage
V101B of the capacitor 101B to serve as the maintenance
voltage VBAT or be switched to provide the voltage of the
new battery to serve as the maintenance voltage VBAT.

FIG. 2 shows an exemplary embodiment of the monitoring,
circuit 103. Referning to FIG. 2, in order to describe the
structure and operation of the monitoring circuit 103 clearly,
FIG. 2 also shows the battery 102 A and the capacitor 101B.
The monitoring circuit 103 comprises an adjuster 20, an
analog-digital converter 21, and a controller 22. The adjuster
20 1s used to provide a reference voltage V21 to the analog-
digital converter 21 to serve as a reference level for the ana-
log-digital converter 21. The analog-digital converter 21
receives the battery voltage V102A, the capacitor voltage
V101B, and the reference voltage V21. The analog-digital
converter 21 converts the battery voltage V102A to a digital
voltage signal DV102A and converts the capacitor voltage
V101B to another digital voltage signal DV101B according
to the reference voltage V21. The controller 22 receives the
digital voltage signals DV102A and DV101B and generates
the control signal S103. The controller 22 determines whether
the battery voltage V102A 1s less than the first threshold
according to the value represented by the digital voltage sig-
nal DV102A and whether the capacitor voltage V101B 1s
larger than the second threshold according to the value rep-
resented by the digital voltage signal DV101B. The controller
22 asserts the control signal S103 or continuously de-asserts
the control signal S103 according to the determination result.
When the controller 22 determines that the battery voltage
V102A 1s not less than the first threshold or when the con-
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troller 22 determines that the battery voltage 102A 1s less than
the first threshold and the capacitor voltage V101B 1s larger
than the second threshold, the controller 22 de-asserts the
control signal S103. When the controller 22 determines that
the battery voltage 102 A 1s less than the first threshold and the
capacitor voltage V101B 1s not larger than the second thresh-
old, the controller 22 asserts the control signal S103 (that 1s
the control signal S103 1s switched to be at the asserted state).
After the charging operation performed to the capacitor 101B
1s accomplished, the controller 22 de-asserts the control sig-
nal S103 (that 1s the control signal S103 1s switched to be at
the de-asserted state). In the embodiment, the monitoring,
circuit 103 may be implemented by a battery monitoring
circuit (MBC).

FIG. 3 shows an exemplary embodiment of the charging
circuit 101A. Referring to FIG. 3, 1n order to describe the
structure and operation of the charging circuit 101 A, FIG. 3
also shows the capacitor 101B and the controller 22 of the
monitoring circuit 103. The charging circuit 101 A comprises
a switch unit 30, an adjuster 31, a schottky diode 32, a current
limiting circuit 33, and resistors 34-36. The switch unit 30
comprises transistors 300 and 301 and a resistor 302. In the
embodiment, the transistor 300 1s implemented by an npn
bipolar junction transistor (BJT), while the transistor 301 1s
implemented by an N-type metal oxide semiconductor
(MOS) transistor. A control terminal (base) of the transistor
300 recerves the control signal S103 from the controller 22, an
input terminal (collector) thereof 1s coupled to a node N30,
and an output terminal (emitter) thereot 1s coupled to a refer-
ence ground GND. A control terminal (gate) of the transistor
301 1s coupled to the node N30, an mput terminal (drain)
thereol 1s coupled to a system stand-by voltage source SV31,
and an output terminal (source) thereot 1s coupled to a node
N31 through the resistor 34. The resistor 302 1s coupled
between a system stand-by voltage source SV30 and the node
N30. In the embodiment, according to the stand-by power, the
system stand-by voltage source SV30 provides a voltage with
about 12V, and the system stand-by voltage source SV31
provides a voltage with about 3.3V. The adjuster 31 is coupled
to the node N31. The schottky diode 32 1s coupled between
the node N31 and a node N32. The current limiting circuit 33
1s coupled between the node N32 and the capacitor 101B. In
the embodiment, the current limiting circuit 33 1s 1mple-
mented by a resistor R33.

When the controller 22 determines that the battery voltage
V102A 1s not less than the first threshold or when the con-
troller 22 determines that the battery voltage 102 A 1s less than
the first threshold and the capacitor voltage V101B 1s larger
than the second threshold, the controller 22 de-asserts the
control signal S103 (that is the control signal S103 remains at
the de-asserted state). The transistor 300 1s turned on accord-
ing to the de-asserted control signal S103 with the high volt-
age level. At this time, through the resistor 302 and the turned-
on transistor 300, a charging path 1s formed between the
system stand-by voltage source SV30 and the reference
ground GND. The node N30 1s at a low voltage level to turn
oif the transistor 301. Since the transistor 301 1s turned off, the
switch unit 30 can not provide the voltage of the system
stand-by voltage source SV31 to charge the capacitor 101B.

When the controller 22 determines that the battery voltage
102A 1s less than the first threshold and the capacitor voltage
V101B 1s not larger than the second threshold, the controller
22 asserts the control signal S103 (that 1s the control signal
5103 15 switched to be atthe asserted state). The transistor 300
1s turned ofl according to the asserted control signal S103
with the low voltage level. At this time, the node N30 1s at a
high voltage level according to the voltage of the system
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stand-by voltage source SV30 to turn on the transistor 301.
Since the transistor 301 1s turned on, the voltage of the voltage
ol the system stand-by voltage source SV31 1s provided to the
node N31 through the resistor 34, so that the node N31 has a
charge voltage VIN31. The adjuster 31 1s coupled to the node
N31 and stabilizes the charge voltage VIN31 to be at a prede-
termined level. The charge voltage VN31 with the predeter-
mined level 1s used to charge the capacitor 101B through the
schottky diode 32 and the current limiting circuit 33. In the
embodiment, the predetermined level 1s a voltage level of
about 3.3V, By varying the ratio of the resistance values of the
resistors 35 and 36, the adjuster 31 can selectively adjust the
magnitude of the predetermined level.

According to the above embodiment, during the time when
the battery 102A with an imnsuificient voltage 1s taken out to be
replaced with a new battery at the 1naction state, the capacitor
voltage V101B serves as the maintenance voltage VBAT.
Note that, when the computer system 1 1s switched to be at the
inaction state, the replacement of the battery 102A has to be
accomplished betore the capacitor voltage V101B 1s con-
sumed. The time period for the replacement of the battery
102 A occurring after the computer system 1 1s switched to the
inaction state 1s determined according to the second thresh-
old, the size of the capacitor 101B (that 1s the capacitance
value of the capacitor 101B), and the power consumption
required by the computer system 1 being at the inaction state.
For example, it 1s assumed that the second threshold 1s 3V, the
capacitance value of the capacitor 101B 1s 0.68 F, and the
power consumption required to maintain the system param-
cters 1n the CMOS storage area 1n the active state 1s 2.13 uA.
In theory, according to the equation (1), the time period for the
capacitor voltage V101B to be lowered to 2V from 3V can be
obtained.

H(T2-T1)

(1)
C‘xn—vz

wherein, V1=3V, V2=2V, I=2.13 uA, and C=0.68 F. Thus,
it 15 obtained that the time period (12-T1) 1s equal to 1408.45
hours

Table 1 shows the relationship between the capacitor volt-
age V101B which 1s measured 1n practice and the elapsed
time when the capacitor 101B 1s discharged.

TABL

L1

1

the discharging elapsed time the capacitor voltage V101B

0 second 3.005V
6 seconds 2986V
36 seconds 2.812V
66 seconds 2751V
96 seconds 2.695V
126 seconds 2.64V
156 seconds 2575V
186 seconds 2505V
216 seconds 2435V
246 seconds

Note that the equivalent resistor of the capacitor 101B may
participate 1n the discharging operation. Thus, when the load-
ing current 1s small, the equation (1) 1s not appropriate.

In some embodiments, when the replacement of the battery
102A 1s accomplished, the user can switch the computer
system 1 to be at the operation state to check whether the
system parameters 1n the CMOS storage area 110 still exists,
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thereby confirming whether the replacement of the battery
102A has been performed successiully.

FIG. 4 15 a flow chart of a control method for the power
supply device 10 of FIG. 1. First, when the computer system
1 1s at the operation state, the monitoring circuit 103 deter-
mines whether the battery voltage V102 A of the battery 102A
1s less than the first threshold (step S40). When the monitoring
circuit 103 determines that the battery voltage V101A 1s not
less than the first threshold, the monitoring circuit 103 may
continuously determine whether the battery voltage V102A
of the battery 102A 1s less than the first threshold at the
operation state or may determine whether the battery voltage
V102A of the battery 102A 1s less than the first threshold
betfore the computer system 1 1s switched to the mnaction state.
In the case that the battery 102A 1s not less than the first
threshold, when the computer system 1 i1s switched into the
iaction state, the battery voltage V102A provided by the
battery 102A serves as the maintenance voltage VBAT to be
provided to the CMOS storage area 110 of the system chip 11.

When the monitoring circuit 103 determines that the bat-
tery voltage V102 A 1s less than the first threshold, the moni-
toring circuit 103 then determines whether the capacitor volt-
age V101B of the capacitor 101B 1s larger than the second
threshold (step S41). When the monitoring circuit 103 deter-
mines that the capacitor voltage V101 1s larger than the sec-
ond threshold, in the case that the computer system 1 1s
switched to be at the mnaction state (step S42), the capacitor
101B provides the capacitor voltage V101B which 1s larger
than the second threshold to serve as the maintenance voltage
VBAT (step S43). After, the user can replace the battery 102A
with a new battery (step S44). When the monitoring circuit
103 determines that the capacitor voltage V101B 1s not larger
than the second threshold, the charging circuit 101A charges
the capacitor 101B (step S45). Then, the method returns to the
step S41, and the monitoring circuit 103 determines whether
the capacitor voltage V101B of the capacitor 101B 1s larger
than the second threshold again. When the monitoring circuit
103 determines that the capacitor voltage V101B of the
capacitor 101B 1s larger than the second threshold through the
charging operation of the charging circuit 101 A, the method
proceeds to the steps S42-S44.

According to the embodiment, when the computer system
1 1s at the 1naction state, the battery 102A or the capacitor
101B provides a sulficient voltage to serve as the maintenance
voltage VBAT. Particularly, when the battery voltage V102A
of the battery 102A 1s not suificient to maintain the system
parameters 1n the CMOS storage area and a new battery 1s
required to replace the battery 102A, the capacitor 101B 1s
used to provide the suilicient capacitor voltage V101B to
serve as the maintenance voltage VBAT during the replace-
ment of the battery 102A. Thus, when replacing the battery
102A, the system parameters in the CMOS storage area 110
are still maintained.

While the invention has been described by way of example
and 1n terms of the preferred embodiments, 1t 1s to be under-
stood that the invention 1s not limited to the disclosed embodi-
ments. To the contrary, it 1s intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Theretfore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What 1s claimed 1s:

1. A power supply device for providing a maintenance
voltage at an output terminal to a system chip of a system
comprising;

a first battery for providing a battery voltage;

a capacitor for storing a capacitor voltage;
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a charging circuit coupled to the capacitor; and

a monitoring circuit for detecting the battery voltage and
the capacitor voltage,

wherein the monitoring circuit detects whether the battery
voltage 1s less than a first threshold and whether the
capacitor voltage 1s larger than a second threshold and

generates a control signal according to the determination
result, and

wherein when the monitoring circuit detects that the bat-
tery voltage 1s less than the first threshold and the capaci-
tor voltage 1s not larger than the second threshold, the
monitoring circuit asserts the control signal to control
the charging circuit to charge the capacitor;

wherein when the monitoring circuit detects that the bat-
tery voltage 1s less than the first threshold and the capaci-
tor voltage 1s larger than the second threshold, the moni-
toring circuit de-asserts the control signal to control the
charging circuit not to charge the capacitor.

2. The power supply device as claimed 1n claim 1, wherein
aiter the charging circuit charges the capacitor and the capaci-
tor voltage becomes larger than the second threshold, during
a time when the first battery 1s replaced with a second battery
at an 1naction state of the system, the capacitor voltage which
1s larger than the second threshold serves as the maintenance
voltage.

3. The power supply device as claimed 1n claim 1, wherein
when the monitoring circuit detects that the battery voltage 1s
less than the first threshold and the capacitor voltage 1s larger
than the second threshold, during the time when the first
battery 1s replaced with a second battery at an inaction state of
the system, the capacitor voltage stored 1n the capacitor serves
as the maintenance voltage.

4. The power supply device as claimed 1n claim 1, wherein
when the monitoring circuit detects that the battery voltage 1s
not less than the first threshold, the monitoring circuit de-
asserts the control signal to control the charging circuit not to
charge the capacitor.

5. The power supply device as claimed 1n claim 4, wherein
when the monitoring circuit detects that the battery voltage 1s
not less than the first threshold, the battery voltage of the first
battery serves as the maintenance voltage at an 1naction state
of the system.

6. The power supply device as claimed 1n claim 1 further
comprising;

a system stand-by voltage source for providing a system
stand-by voltage to serve as the maintenance voltage at
an operation state of the system.

7. The power supply device as claimed in claim 6 further

comprising;

a schottky diode coupled between the system stand-by
voltage source and the output terminal.

8. The power supply device as claimed in claim 1 further

comprising:

a first schottky diode coupled between the first battery and
the output terminal; and

a second schottky diode coupled between the capacitor and
the output terminal.

9. The power supply device as claimed in claim 1 further

comprising;

a first current limiting circuit coupled between the first
battery and the output terminal; and

a second current limiting circuit coupled between the
capacitor and the output terminal.

10. The power supply device as claimed in claim 1, wherein

the monitoring circuit determines the battery voltage and the
capacitor voltage at an operation state of the system.
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11. The power supply device as claimed in claim 1, wherein
the capacitor 1s implemented by a super capacitor.

12. The power supply device as claimed 1in claim 1, wherein
the first battery 1s implemented by a coin battery.

13. The power supply device as claimed 1n claim 1, wherein
the monitoring circuit comprises:

an adjuster for providing a reference voltage;

an analog-digital converter for recerving the battery volt-
age, the capacitor voltage, and the reference voltage,
wherein the analog-digital converter converts the battery
voltage to a first digital voltage signal and converts the
capacitor voltage to a second digital voltage signal
according to the reference voltage; and

a controller for recerving the first digital voltage signal and
the second digital voltage signal and determining
whether the battery voltage is less than the first threshold
and whether the capacitor voltage 1s larger than the sec-
ond threshold according to the first digital voltage signal
and the second digital voltage signal respectively,

wherein when the monitoring circuit detects that the bat-
tery voltage 1s less than the first threshold and the capaci-
tor voltage 1s not larger than the second threshold, the
controller asserts the control signal.

14. The power supply device as claimed in claim 13,
wherein when the monitoring circuit detects that the battery
voltage 1s less than the first threshold and the capacitor volt-
age 1s larger than the second threshold or that the battery
voltage 1s not less than the first threshold, the controller de-
asserts the control signal to control the charging circuit not to
charge the capacitor.

15. The power supply device as claimed 1n claim 1, wherein
the charging circuit comprises:

a switch unit controlled by the control signal and coupled to
the capacitor at a first node, wherein when the monitor-
ing circuit asserts the control signal, the switch unit
provides a voltage of a first system stand-by voltage
source, so that the first node has a charge voltage; and

an adjuster for stabilizing the charge voltage to be at a
predetermined level, wherein the charging circuit
charges the capacitor according to the charge voltage
with the predetermined level.

16. The power supply device as claimed 1n claim 15,
wherein when the monitoring circuit detects that the battery
voltage 1s less than the first threshold and the capacitor volt-
age 1s larger than the second threshold or that the battery
voltage 1s not less than the first threshold, the monitoring
circuit de-asserts the control signal, and the switch unit does
not provide the voltage of the first system stand-by voltage
source according to the de-asserted control signal.

17. The power supply device as claimed in claim 15,
wherein the switch unit comprises:

a {irst transistor having a control terminal recerving the
control signal, an mput terminal coupled to a second
system stand-by voltage source at a second node, and an
output terminal coupled to a reference ground; and

a second transistor having a control terminal coupled to the
second node, an mput terminal coupled to the first sys-
tem stand-by voltage source, and an output terminal
coupled to the first node,

5

10

15

20

25

30

35

40

45

50

55

12

wherein when the control signal 1s asserted, the first tran-
sistor 1s turned off, and the second transistor 1s turned on
according to a voltage of the second system stand-by
voltage source.

18. The power supply device as claimed in claim 15,

wherein the charging circuit further comprises:

a schottky diode coupled between coupled between the
first node and a third node; and

a current limiting circuit coupled between the third node
and the capacitor.

19. A control method for a power supply device, wherein
the power supply device provides a maintenance voltage to a
system chip of a system and comprises a first battery and a
capacitor, the control method comprises:

determinming whether a battery voltage of the first battery 1s
less than a first threshold when the system 1s at an opera-
tion state:

when the battery voltage i1s less than the first threshold,
determining whether a capacitor voltage of the capacitor
1s larger than a second threshold;

when the capacitor voltage 1s not larger than the second
threshold, charging the capacitor, so that the capacitor
voltage becomes larger than the second threshold;

when the capacitor voltage 1s larger than the second thresh-
old, switching the system to be at an 1naction state; and

at the 1naction state, providing the capacitor voltage which
1s larger than the second threshold to serve as the main-
tenance voltage and replacing the first battery with a
second battery.

20. The control method as claimed in claim 19 further

comprising

when the battery voltage 1s not less than the first threshold,
switching the system to be at the inaction state; and

providing the battery voltage to serve as the maintenance
voltage.

21. The power supply device as claimed 1n claim 1, turther

comprising:

a first power path, coupled to the output terminal, having a
system voltage source to provide power to the output
terminal;

a second power path, coupled to the output terminal, hav-
ing the first battery to selectively provide the battery
voltage to the output terminal; and

a third power path, coupled to the output terminal, having
the capacitor to selectively provide the capacitor voltage
to the output terminal.

22. The power supply device as claimed in claim 21,
wherein

the first path further have a first diode device, coupled
between the system voltage source and the output ter-
minal;

the second power path further have a second diode device,
coupled between the first battery and the output termi-
nal; and

the third power path further have a third diode device,
coupled between the capacitor and the output terminal.
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